Over the past three decades a significant amount of economic research has established that increasing cigarette prices reduces cigarette smoking among both adults and adolescents. The consensus estimates for the price elasticity of adult demand from these studies fall in a narrow range of -0.3 to -0.5, suggesting that a 10% increase in the price of cigarettes would decrease adult consumption by 3%-5%. A smaller literature on youth responsiveness to cigarette prices has also emerged. A majority of these studies concluded that youth are up to three times as responsive to price as are adults. Only four econometric studies have attempted to model youth and young adult smoking initiation decisions. All four studies concluded that cigarette prices (or cigarette excise taxes) are insignificant determinants of smoking initiation.
I. Introduction
The prevalence of cigarette smoking among American teenagers was rising for a good part of the 1990s. According to the Monitoring the Future Surveys (MTFS), the proportion of 8 th and 10 th graders categorized as current cigarette smokers increased dramatically between the years 1991 and 1996. Similarly, the proportion of current smokers in the 12th grade significantly increased between the years 1992 and 1997 (Johnston, O'Malley, and Bachman, 2000) .
This upward trend in adolescent smoking coupled with the addictive nature of cigarettes has caused a great deal of concern among public health advocates. Since many adolescent smokers continue to use tobacco products as adults, the sharp rise in youth smoking in the 1990's is likely to translate into future increases in adult smoking. Given the incontrovertible health effects of smoking, efforts to prevent youths from starting may be the most effective means to reduce the future burden of tobacco related disease.
Understanding why many youth initiate cigarette smoking and what impact public policy plays in deterring smoking onset is of utmost importance to reduce the harm associated with smoking. This paper is the first econometric study to examine the determinants of smoking initiation among adolescents during the rapid rise in smoking in the 1990's. In particular, this study examines the impact cigarette prices (which can be manipulated by excise taxation), youth access laws, and other socio-demographic factors have on youths' decisions to start smoking.
II. Previous Research
Economic research in the last three decades has shown that cigarette prices are inversely related to cigarette demand. A National Cancer Institute sponsored gathering of economists and other experts concluded that the overall price elasticity of adult cigarette demand falls in a narrow range of -0.3 to -0.5, suggesting that a 10% increase in the price of cigarettes would decrease overall adult consumption of cigarettes by approximately 4% (NCI, 1993) . A smaller literature on youth and young adult responsiveness to cigarette prices has also emerged. The consensus from these studies is that youth and young adults are at least as responsive to price as adults are, if not significantly more price responsive (USDHHS, 1994) .
Using data taken from Cycle III of the Health Examination survey (1966) (1967) (1968) (1969) (1970) , Lewit and colleagues (1981) were the first to examine the determinants of adolescent (12-17 years old) cigarette smoking. They examine the impact of price on smoking prevalence and then examine the impact of price on the number of cigarettes smoked by adolescent smokers. The total price elasticity of demand was estimated to be -1.44. In addition, the study found price to have a larger impact on adolescents' decisions to smoke rather than on average amount smoked by smoker.
Using a similar methodology to Lewit et al. (1981) , Chaloupka and Grossman (1996) confirmed the finding that youth and young adults are more responsive to price changes than are adults. They employed 1992 They employed -1994 Monitoring the Future Surveys of 8 th , 10 th , and 12 th graders in their investigation. They estimated a total price elasticity of demand for individuals mostly aged 12 -18 centered on -1.31.
More recently, Tauras and Chaloupka (1999) employed the longitudinal component of the Monitoring the Future Surveys to estimate the impact of price on young adult smoking. Using an individual-level fixed effects model, they conclude that the total price elasticity of demand for young adults is centered on -0.79. Moreover, Harris and Chan (1999 ) used the 1992 -1993 Tobacco Use Supplement of the Current Population Survey to estimate the impact of price on smoking by various age groups. Their estimated price elasticities ranged from -0.996 for individual's aged 15-17 to -0.329 for individual's aged 27-29. In addition, using multiple data sets, Gruber (2000) concludes that older teens (approximately 17-18 years of age) are quite sensitive to price changes with an estimated price elasticity of demand of -0.67. However, he finds price to have an insignificant impact on younger teens (approximately 13-16 years of age) smoking.
Finally, Evans and Huang(1998) estimate a prevalence elasticity of -0.20 for high school seniors using annual state-level measures of smoking prevalence for high school seniors employing the 1977-1992 Monitoring the Future Surveys. However, when only the second half of the data was employed (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) , the prevalence elasticity was estimated to be -0.50, suggesting that young adults are becoming more price responsive over time.
A limitation of the previous studies on the determinants of youth and young adult smoking is that they are cross-sectional in nature and are unable to model the dynamics of smoking transitions such as smoking initiation. Only two published and two unpublished studies have attempted to address the issue of youth smoking initiation. All four studies concluded that economic factors such as cigarette prices and excise taxes were insignificant determinants of youth smoking initiation. Douglas and Hariharan (1994) were the first to model smoking initiation. They employed data from the 1978 and 1979 National Health Interview Survey: Smoking Supplement and used a split population duration model to estimate the probability that an individual would start smoking. They concluded that increases in cigarette excise taxes (which increase the price of cigarettes) had no influence on individuals' decisions to start smoking.
Expanding on the original study, Douglas (1998) In a more recent unpublished study, Forster and Jones (1999) employed data taken from the British Health and Lifestyle Survey and used both semi-parametric and fully parametric duration modeling to investigate individuals' decisions to start and quit smoking. They found cigarette excise taxes to be insignificant determinants of smoking initiation. However, they concluded that increases in excise taxes would shorten the amount of time an individual smoked and thereby increase the likelihood of smoking cessation.
Finally, DeCicca, Kenkel, and Mathios (1999) While all four previous studies made significant contributions to the economic literature on the determinants of teenage smoking by modeling smoking initiation and not simply smoking participation, the findings that cigarette prices and excise taxes are insignificant determinants of smoking behavior is at odds with a majority of the research that has been conducted throughout the past 30 years. One possible explanation why Douglas and Hariharan (1994) , Douglas (1998), and Forster and Jones (1999) found insignificant price/tax effects is due to their use of cross-sectional data with retrospective information on smoking initiation. The use of retrospective information could significantly influence the estimates by introducing imperfect recall by respondents. In fact, Forster and Jones tested for recall bias in their analysis and conclude that there is strong evidence of 5 and 10 year recall bias.
A second possible explanation why Douglas and Hariharan (1994 ), Douglas (1998 ), and Forster and Jones (1999 Finally, very few studies have examined the impact youth access restrictions have on youth smoking behavior. DeCicca et al. (1999) concluded that youth access laws have no influence on smoking initiation. Chaloupka and Grossman (1996) and Rigotti et al. (1997) found youth access laws to have little or no influence on cigarette demand of youth and young adults. However, Chaloupka and Pacula (1998) found that teenagers who live in states that aggressively enforce retail youth access compliance are less likely to smoke and smoke less on average than teens who live in states that do not have comprehensive enforcement. Finally, Jason et al. (1991) found that active enforcement of youth access laws in Woodridge, IL caused a significant decrease in regular smoking among adolescents.
To summarize, the economic literature on adolescent cigarette demand is conflicting. Cross-sectional analyses of cigarette demand have found that cigarette prices (or cigarette excise taxes) and the probability of youth smoking are inversely related.
However, studies that have modeled the determinants of youth smoking initiation have concluded that price is an insignificant determinant of smoking onset. Finally, the findings regarding youth access laws and adolescent cigarette demand are mixed. This paper proposes to address these issues and examine the impact cigarette prices and youth access restrictions have on adolescent's decisions to initiate cigarette smoking using longitudinal data derived from large national samples.
III. Data and Methods
The data are taken from the nationally representative longitudinal surveys of 8 th and 10 th graders conducted by the Institute for Social Research at the University of Michigan as part of the Monitoring the Future project (Bachman, Johnston, and O'Malley, 1996; and Johnston, O'Malley, and Bachman, 2000) . These surveys focus on the use of cigarettes, alcohol, and illicit drugs. This is an extremely relevant and important time in an individual's life span to start tracking smoking behavior. According to the 1994 Surgeon General's report, very few individuals start smoking daily before the 8 th grade and nearly all first use of cigarettes occurs before high school graduation.
The data used for these analyses were collected on three cohorts of students enrolled in 8 th and 10 th grade in 1991, 1992, and 1993 Based on state identifiers, a set of variables reflecting the presence and magnitude of youth access laws was added to the data. These data were obtained from the American Lung Association's annual State Legislated Actions on Tobacco Issues. Each year, the American Lung Association publishes data on states' activities to restrict availability of tobacco products by minors. These data were used to construct a variable that captures the minimum age required to purchase cigarettes in each state. In addition, these data were used to construct indicators for states that restrict distribution of free tobacco samples to minors, restrict placement of cigarette vending machines, require minimum purchase age signs on vending machines, require minimum purchase age signs at point of sale, and require vendors to pay monetary fines and face possible license revocation for selling to minors. These indicators are interacted with a variable that reflects whether or not an individual is a minor, so that only minors in the analyses will be affected by youth access laws. A minor is defined as any individual whose age is less than the minimum legal cigarette purchase age. In addition, a dichotomous variable is constructed that is equal to one if a state has a law that restricts students from smoking in public schools and is equal to zero otherwise. Finally, a youth access index variable was created in an attempt to capture the magnitude of each states laws with respect to youth smoking. The index variable takes on the value of 1 if the respondent is a minor and resides in a state that has exactly 1 of the following laws: minimum purchase age, free samples restriction to minors, vending machine sign posting restriction, vending machine placement restriction, minimum age sign posting restriction, vendor penalty, and school restrictions 2 . Similarly, the index variable takes on a value of 0, 2, 3, 4, 5, 6 and 7 if the state has exactly 0, 2, 3, 4, 5, 6 or 7 of the above mentioned youth access laws.
A discrete-time hazard model is used to assess the impact exogenous covariates have on adolescent's probability of starting smoking. The dependent variable is known as the starting hazard. The starting hazard can be defined as the probability that an individual starts smoking in a given time period conditional on not having smoked in any previous wave of data. This probability is modeled using weighted dichotomous probit equation in all model specifications. The weights are used to account for the over-sampling of high-risk individuals in the sample. 3 In addition, to account for the correlation among multiple observations on an individual subject a Huber/White robust method of calculating the variance-covariance matrix is used. The robust estimator relaxes the assumption of independence of observations by allowing the observations to be independent across individuals, but not independent within an individual. 4 Only individuals at risk of initiating cigarette smoking are allowed to enter the model. Therefore, only individuals who had not started to smoke as of the previous wave are allowed to enter the risk pool and subsequently enter into the model estimation. Since adequate information on prior smoking by the 10 th grade cohorts is not known, and since many youth start smoking between 8 th and 10 th grade, all baseline observations for the 10 th grade cohorts are eliminated from the risk pool. However, since very few 6 th graders are classified as current smokers, it is assumed that all baseline observations for the 8 th grade cohorts are at risk of smoking initiation and therefore are allowed to enter the risk pool. This is equivalent to estimating the probability of smoking initiation between some earlier period and 8 th grade for the 8 th grade baseline observations. A total of 15,548 observations in the data representing 8,447 adolescents are at risk of making a transition from the non-smoking state to the smoking state. Of these 8,447 individuals, 35.23%, 18.65%, and 9.49% initiate smoking during the time they are under observation based on initiation defined as smoking any cigarettes in the past thirty days, smoking at least 1-5 cigarettes per day on average in the past month, and smoking at least a half a pack per day on average in the past month respectively. Table 2 contains estimates from the smoking initiation equations when initiation is defined as smoking any cigarettes in the previous 30 days, with the corresponding estimates for initiation defined as smoking at least 1 to 5 cigarettes per day on average presented in Table 3 , and estimates for initiation defined as smoking at least ½ pack per day on average presented in Table 4 . Each Table contains access index variable. The models estimated in columns 3 through 9 are identical to model 1, except models 3 through 9 include at most one tobacco control policy. These models are specifically designed to decrease the collinearity associated with including highly correlated state level variables. Finally, model 10 is identical to model 1 except model 10 includes all seven tobacco control policies. In addition, with the exception of price, time trend, region, age, and indicators of family structure, indicators for respondents with missing data for all of the above variables are included in the models.
IV. Results
These missing value indicators were created to prevent the loss of a large number of observations. In the case of discrete covariates with missing data, the missing value dummy variables take the value of one, while the covariates take on a value of zero. In the case of continuous covariates with missing data, the missing value indicators take the value of one and the covariates take the value that has been imputed at the mean of the individual's other observations. The missing value indicators take a value of zero for all respondents whose covariates are known.
The real price of cigarettes is found to have a negative and significant impact at the 1% significance level on smoking initiation in all the models that were estimated when initiation is based on smoking at least 1 to 5 cigarettes per day on average and at least ½ pack per day on average. In addition, the real price of cigarettes is found to have a negative impact on smoking initiation defined as smoking any cigarettes in the past 30 days, however, this relationship is significant at the 10% level in only models 7 and 9.
The estimated price elasticities of initiation 5 are presented in Table 5 . The average price elasticity of initiation based on any smoking, at least 1-5 cigarettes per day on average, and at least ½ pack per day on average are -0.271, -0.811, and -0.955 respectively.
These estimates clearly indicate that increases in the real price of cigarettes (which can be achieved through excise taxation) will decrease the number of adolescents who start smoking. The results above indicate that a 10% increase in the price of cigarettes will decrease the probability of smoking initiation between approximately 3% and 10%
depending on how initiation is defined. In addition, these results suggest that individuals who are classified as having initiated smoking based on greater cigarettes smoked are more price responsive than are individuals classified as having initiated smoking based on fewer cigarettes smoked. This is not surprising given that many adolescents who 5 The price elasticity of initiation is defined as
price price initiation ip ε experiment with cigarettes or smoke in small quantities never purchase their own cigarettes, but rather "borrow" from a friend.
To control for the possibility that unobserved state level sentiment toward smoking is causing both the excise taxes to increase as well as decrease adolescent smoking initiation, alternative models are run that replaced the region fixed effects with state fixed effects. To conserve space, the estimates are not presented here, but are available upon request. Price has a negative and significant impact on all three measure of smoking initiation except in model 10 when initiation is defined as any cigarettes consumed in the previous 30 days. The estimated price elasticities of initiation from these models are presented in Table 6 . The average price elasticity of initiation based on smoking any cigarettes, smoking at least 1 to 5 cigarettes per day on average and smoking at least ½ pack per day on average are -0.111, -1.23 and -1.43 respectively.
These results imply that when unobserved state level sentiment is controlled for, cigarette price increases have a larger impact on deterring adolescents from initiating into daily smoking than when state sentiment is not controlled for.
The results are mixed with respect to youth access restrictions. The youth access index variable, designed to capture the magnitude of each states youth smoking restrictions, has an insignificant impact on all three measures of smoking initiation.
Minimum purchase age laws are found to have a negative and significant impact at at least the 10% significance level on smoking initiation in all the models except when initiation is defined as smoking at least 1 to 5 cigarettes per day on average and all the tobacco control policies are included in the model. Restrictions on smoking in public schools seem to have little or no impact on the two stricter measures of smoking initiation, however, restrictions on smoking in public schools seem to have a negative and significant impact at at least the 10% level on smoking initiation defined as smoking any cigarettes in the past month. Restrictions on the distribution of free samples to minors decrease the probability of smoking initiation based on initiation defined as smoking at least 1 to 5 cigarettes per day on average in the past month, however, these restrictions fail to meet statistical significance at conventional levels when smoking initiation is defined as smoking any cigarettes and smoking at least ½ pack per day on average. Point of sale minimum age sign requirements (including both store and vending machine sign postings), vending machine placement, and penalties to vendors who sell to minors seem to have little or no impact on curtailing adolescent smoking initiation.
Briefly reviewing the results from the other independent variables, controlling for all other variables: Males are more likely to start smoking than are females when initiation is based on smoking at least ½ packs per day on average. Young adolescents are much more likely to initiate cigarette smoking than are older adolescents. With respect to race/ethnicity, African Americans, Mexicans, Asian Americans, and Other Latin races are significantly less likely to start smoking than are Whites. Adolescents who live with at least one or more of their parents are significantly less likely to initiate cigarette smoking than those that do not live with a parent.
Paternal education does not seem to be a strong predictor of smoking initiation, although, based on a one-tail test, individuals whose fathers have a college degree or have an advanced professional degree are less likely to start smoking than those whose fathers have less than a high school education when initiation is defined as smoking at least ½ pack per day on average. Individuals whose mothers work part-time are significantly less likely to initiate smoking than individuals whose mothers do not work based on initiation defined as smoking at least 1 to 5 cigarettes per day on average and smoking at least ½ pack per day on average.
Adolescents with a strong attachment to religion, as measured by the frequency of religious service attendance, are much less likely to start smoking than are adolescents with little or no attachment to religion. Based on a one-tail test at at least the 10% significance level, individuals who are engaged, single, or are either separated or divorced are significantly more likely to start smoking than are individuals who are married.
Adolescents with more children are significantly less likely to initiate smoking than adolescents with fewer children based on initiation defined as smoking any cigarettes during the past 30 days. Adolescents who work more hours per week are more likely to initiate cigarette smoking than individuals who work fewer hours per week based on a one-tail test at at least the 10% significance level. Individuals with more formal years of schooling are significantly less likely to initiate cigarette smoking than are individuals who have less education. Finally, adolescents with higher incomes from employment are significantly more likely to initiate cigarette smoking based on initiation defined as smoking at least 1 to 5 cigarettes per day and smoking at least ½ pack per day on average.
V. Discussion
For the better part of the 1990's, cigarette smoking among American teenagers has been on the rise. Many proposals have been drafted by policy makers in an attempt to combat this upward trend. At the heart of almost every proposal is a tax increase that While the use of economic incentives (such as tax increases) to decrease youth smoking initiation have found their way into almost all anti-smoking proposals, prior research has suggested that price and tax increases would have little or no influence on youth smoking initiation. The research presented here, however, contradicts those previous studies. The average estimates provided above suggest that had a 10% increase in the federal excise tax been enacted during the time of this study, and had that tax been fully passed on to consumers, the probability of daily smoking initiation among youth would have declined by approximately 10%.
With respect to other youth tobacco control policies, the estimates above suggest that minimum purchase age laws, restrictions on smoking in public schools, and restrictions on distribution of free tobacco samples could possibly be effective tools in decreasing smoking initiation. Other youth access laws such as minimum purchase age sign postings at point of sale and on vending machines, vending machine placement requirements, and penalties for vendor sale violations seem to have little impact on youth smoking initiation. However, the state-level youth tobacco control policies used in this analysis may underestimate the true impact smoking restrictions have on youth smoking initiation because they do not account for local level policies, they do not take account of the level of enforcement that takes place within states, and there may not be enough variation in the existence of these policies during the period under study here.
Administration to help enforce youth access laws; providing funds to pay for legal costs associated with the Department of Justice's litigation to recover federal expenditures on smoking; and various others. 
